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ABSTRACT
Many factors might affect the pricing and purchase decision of a software package.
For example, the intrinsic features of the software, the prices and capabilities of
other competing programs, compatibility, and network externality effects. When
considering such factors in pricing and purchase decisions, it is very important to
investigate and understand the underlying relationships and their impact on the
decisions. In this research work, we concentrate on how product features affect the
pricing and purchase decisions of microcomputer software packages. We develop
hedonic models to determine which product features play important roles on the
pricing and purchase decisions for microcomputer word processing software from
1987 to 1991. In particular, a special effort is made to study and identify the effect
of standards and network externalities. We find that real, quality-adjusted prices for
word processors have fallen by an average annual rate of 4% over this period.
Further we test for and find strong network externality effect in the DOS word
processor market. We also find that overpriced programs will result in the loss of
market share.
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Thesis Reader: Steven R. Lerman
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Chapter 1
Introduction
1.1 Background
The rapid advance of the computer technologies, in particular, microcomputers, has
made computers an essential part of our society. In particular, the packaged
software industry built upon them has grown to a multi-billion dollar business, and
is still expected to grow greatly over the next decade [2]. There are a great variety
of software packages ranging from business applications such as spreadsheets, data
base management and word processors, to applications dealing with science and
engineering problems, and then to entertainment and multimedia applications. As a
result, it is not surprising to find that many of our daily activities actually depend
on computers and the software programs running on those hardware platforms. In
particular, software has become the dominate factor of this computerized scenario.
Many people have recognized that the value-added is in the software these days,
not the hardware.
In [10], Brynjolfsson and Kemerer pointed out that computer software
products hold some special economic characteristics: for software vendors, they
face high and fixed development costs and very low marginal reproduction costs.
As for consumers, their concerns are mostly on the learning and converting costs of
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a product. In other words, the ease of learning and converting to a new product
influence the consumer's final choice significantly. Thus network externalities are
created and would lead consumers to prefer software which is considered so called
"industrial standard". They argued that the five factors - the large market, the low
marginal cost, the high learning costs, the network externalities, and the
complementary relationship with hardware - give opportunities for software
publishers to tag their products strategically, taking into account factors such as
industry standards, competitors' installed bases, and discontinuities in the hardware
market.
1.2 Objective
The objective of this research is to develop a better understanding of those factors
which may affect the purchase and pricing decisions of packaged microcomputer
software products. In this thesis, the primary focus is on the product features and
some related factors for microcomputer word processing software products. Some
of the issues to be investigated are described in the following sections.
1.2.1 Intrinsic Product Features
A network externality phenomenon is said to exist for an economic good when the utility that a
user obtains from consuming the good grows proportionally with the number of other consumers of
the good, see Section 1.2.2.
11
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Product features may affect purchase as well as pricing decisions of a packaged
software. A user may purchase a software program simply because it has one or
more features that he/she considers most critical. On the other hand, a software
package may receive some pricing premium if it has some special features which
could potentially attract users. This hypothesis naturally brings up a question:
which product features are important in the purchase and pricing decisions for a
microcomputer program? By answering this question, software developers would
get some insight about what features could potentially stimulate the demand and
thus increase the sales and market share, and users could obtain some benefits on
evaluating which software programs give them the best price/performance
combination to fulfill their needs.
1.2.2 Network Externalities and Related Factors
A network externality phenomenon is said to exist for an economic good when the
utility that a user obtains from consuming the good grows proportionally with the
number of other consumers of the good. A typical example of a product that
exhibits network externalities is the FAX machine, whereby having FAX machines
is only valuable if there are other people with compatible FAX machines that a user
wishes to send and receive documents.
In the software market, users may, all else equal, prefer more popular
programs to less ones. They may receive benefits such as the greater presence of
12
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third party training opportunities and materials, of complementary or compatible
products, of user groups, and of greater likelihood of vendor viability [10].
The purchase price usually tends to be only a relatively small part of the
total consumer expenditure on a software product, while learning and conversion
costs comprise the rest of the consumer investment. If a user is to switch from one
program to another, he/she may choose one which is at least compatible with the
program that he/she currently uses to minimize the learning and conversion costs.
Furthermore, to share information with others conveniently, one may prefer a
program which is considered as the industry standard, or at least is compatible to
the standard. This raises some interesting questions, for example:
1. Is the demand of a software a function of its installed base and price?
2. Is the demand of a software a function of the installed bases of the compatible
software?
3. Is a new entry into the software market more likely to be successful when there
is a major change in hardware platform?
4. How do network externalities influence the values of products?
5. How important is the adherence to standards?
6. Is there a make effect on the demand of a software?
In this research, we will try to investigate some of these questions.
13
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1.3 Prior Work
The econometric models of software package pricing have not been as extensively
studied as has computer hardware. One possible explanation would be that software
related attributes tend to be more subjective than those of computer hardware. For
example, many hardware features are much easier to compare, such as CPU speed,
memory and external storage capacities, as these features have more or less
universally accepted measures. In the case of software, these kinds of universal
measures do not usually exist. For instance, it is hard to determine which package
has the highest usability of its kind, because the results may differ significantly
among individuals. Despite these difficulties, however, some important prior
results have been identified.
1.3.1 Intrinsic Product Features
In their study on microcomputer spreadsheet market for the period of 1987-1992,
Brynjolfsson and Kemerer [10] showed that hedonic regression models can provide
sensible estimates of the value users place on intrinsic features. For instance, their
model predicts that a user was willing to pay an amount of $79.90 for the
WYSIWYG (What You See Is What You Get) interface, and an $89.60 for the
ability to sort data by column.
14
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In a related work conducted by Mayo and Young [34], they argued that the
intrinsic attributes of spreadsheet programs influence the products' prices
significantly. They tested spreadsheet features that represent a product's 1) ability
to create complex models, 2) ease of use, 3) data manipulation power, and 4)
output capabilities. They found that WYSIWYG interface grows in value over time
until by 1992, it is valued more highly by users than the Lotus 1-2-3 menu tree
interface. This finding in fact, coincides with the release of Microsoft Windows 3.0
for Intel x86 based platforms in early 1990's. Finally they concluded that the real,
quality-adjusted prices for spreadsheets, have declined by an average annual rate of
10.4% over 1985 to 1992.
Based on the spreadsheet programs over the period of 1986-1991, Gandal
[22] constructed quality-adjusted price indices for spreadsheet programs using
hedonic price equations in which product attributes are the independent variables
and the product list price is the dependent variable. He concluded that consumers
were willing to pay a premium for spreadsheets that offer external links to
databases, Lotus platform compatibility, or local area network (LAN)
compatibility. He also concluded that the computer spreadsheet market exhibits
network externalities. Furthermore, he estimated that the quality-adjusted price of
computer spreadsheet programs has fallen by approximately 15% per year from
1986 to 1991.
15
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1.3.2 Network Externalities, Compatibility and Standards
Katz and Shapiro [29] suggested that network externalities can be caused by direct
and indirect effects due to benefits from compatibility, and availability/quality of
post-purchase service, which may vary as a function of the number of units sold. In
[30] they developed a model of consumer choice between two incompatible
technologies and showed that the complexities of compatibility under different
scenarios of product introduction timing and pricing by the producers. They found
that under some circumstances, markets where compatibility is important can
actually have insufficient friction. That is, entrance by incompatible products is not
as difficult as it should be for the good of society-the opposite of excess inertia.
They also showed that under the assumptions of their model, when a competitor
brings out an incompatible product, the maker of the incumbent product should
prefer that the new entrant were compatible (also see [34]).
For the microcomputer spreadsheet market, in [10], Brynjolfsson and
Kemerer suggested that positive network externality effects from installed base and
from compatibility with a dominant standard is at least as important as many
traditional product features, and that manufacturer make effects also play an
important role. They showed that each one percent increase in a product's installed
base gives an additional $3.38 to its price. They also showed an estimated value of
$117 on a product's compatibility with the Lotus menu tree interfaces. Finally they
suggested that shifts in technology platforms substantially change compatibility and
16
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vendor premiums. For example, Lotus products commanded a premium of $266 on
the DOS platform, but only $63 on non-DOS platforms.
Mayo and Young [34] also used hedonic price models and found there exist
strong network externality and make effects in the microcomputer spreadsheet
market. They further showed that users paid a premium for the Lotus brand name in
the mid-1980's, but that this premium had been dramatically reduced by the early
1990's. Coincidentally, they also found that compatibility with the Lotus 1-2-3
menu tree interface commands a premium in the late 1980's, but is overtaken by a
larger premium for graphic user interfaces in the early 1990's. Both findings can be
explained from the fact that Lotus did not come up with a version of Lotus 1-2-3
running under graphical Microsoft Windows platform until 1992.
Gandal [22] showed that file compatibility with Lotus 1-2-3 also receives a
premium, and that his findings suggest the presence of network externality effects
among spreadsheet products.
1.4 Structure of the Thesis
Chapter 1 gives a general introduction for the estimation of software values, the
motivation and purpose of this research, and a brief literature review. Chapter 2
describes research and analysis approach, where a general hedonic model is
introduced to estimate the values of word processing programs. It also gives a brief
summary on the data collection of this research. Chapter 3 details the use of
17
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hedonic price equation on the estimate of values of microcomputer word
processors. Chapter 4 attempts to illustrate some relationships between market
share and product prices. Finally, Chapter 5 gives the conclusion of this thesis and
suggests some possible future research directions.
18
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Research and Analysis Approach
In this thesis, we use hedonic price equation to quantify the values to consumers of
software characteristics such as vendor reputation, size of installed base, product
features, and program compatibility. Hedonic estimation decomposes goods to a
disaggregated bundle of features, each of which has some price premium or penalty
attached to it [6]. By adding the premiums attached to each product attribute, the
price of a product can then be estimated. For an excellence reference on estimating
hedonic price indices, please refer to [6].
2.1 The General Hedonic Model for Word Processors
The general hedonic regression model used in this research essentially followed the
models developed by Brynjolfsson and Kemerer [10]. This model was also used by
Mayo and Young in their work on computer spreadsheet programs [34]. In this
model, the product price is expressed as a function of product feature variables,
network externality effects and dummy variables which represent manufacturers,
operating system platforms and time. Mathematically the hedonic price equation
can be represented as follows:
19
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it = f (Hit, Nit, D)
where
Pit = Real list price of software program i in year t.
Hit = Vector of product quality attributes of software program i in year t.
Nit = Network externalities of software program i in year t.
D = Dummy variables such as time, vendors and operating systems.
In this model, the quality attributes are expected to have positive influence
over product prices, whereas the network externalities should positively influence
prices if network externalities do exist in microcomputer word processing market.
Ordinary least square multiple regression technique is usually used to estimate the
hedonic price equation.
2.1.1 Hedonic Variables
To measure the quality attributes of word processor products, a number of variables
were considered. Basically they fall into one of the following categories:
1. Text Editing/Formatting: A word processor program may provide editing
functions such as an undo command to reverse the action of the last one or more
executed commands, bookmarks to allow users to put special marks in the
20
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document and be able to reach these marked locations directly, or block
manipulation to move, delete, or copy a multiline block of text. As an another
example, revision marking for deletion allows text to be marked with a special
character when printed to show that it should be deleted, and then remove text
that has been marked. Formatting variables are those which measure a
program's abilities to perform basic formatting operations such as setting
margins and tab stops, and handle text reformatting. For example, after the user
adds or deletes text, automatic reformatting feature rearranges the remaining
text in the paragraph to conform with the current format. Continuous
repagination automatically reflows the remaining text to conform with the
current page format after the user inserts or deletes text. Vertical page centering
automatically centers text between the top and bottom page margins. Styles and
stylesheets are advanced formatting features which allow users to record, save
and apply formatting commands quickly and consistently. Undo, case sensitive
and insensitive search, revision marking for deletion/insertion, automatic
reformatting, continuous repagination, and styles were considered in this
category.
2. Text proofing: This category indicates the availability and capability of
document proofing tools such as spell checker, thesaurus, and grammar checker.
A spell checker may provide functions such as global word replacement,
21
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continuous spell checking, and identifying words that appear twice in
succession. A thesaurus may support multilevel synonym/antonym search, and
be able to separate words by meaning. A grammar checker in a word processor
can be used to check common misuse of tense, cliches, noun-verb agreement,
and others. A number of features of spell checker, thesaurus, and grammar
checker, were considered in this category. Please refer Appendix A for a
detailed description.
3. Text printing: Variables such as mail merge, background printing, and print
queue were considered in our analysis. Mail merge, for example, allows the user
to merge a data file containing information such as names and addresses into a
document to produce a series of personalized form letters. Background printing
allows the user to edit one document while the program is printing a different
one. This is also known as print spooling. In a program which provides print
queue feature, the user can specify that a series of documents be printed one
after another. Other printing functions include, for example, the ability of
reorder print queue, of specifying multiple copies and start/end page,
interrupting and resume printing, and landscape printing.
4. File conversion/handling: This category includes the abilities of converting
documents from other popular document formats to the program's own format,
22
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or the other way around. For example, many DOS based word processors are
able to read from and write to WordStar and WordPerfect document formats,
while a number of Macintosh word processors can read/write MacWrite file
format. In our analysis, we consider the ability of reading from and writing to a
number of popular document formats, such as WordStar, WordPerfect,
Microsoft Word, and DCA-RTF.
5. Document preparation: This category covers manuscript preparation
functions, such as headers, footers, footnotes, index, table of contents, cross-
referencing, equation processing, and outlining. For example, the footnote
feature allows the user to place footnotes at the bottom of a page. It may further
provide functions such as automatic footnote numbering which numbers
footnotes consecutively; footnote continuation, which allows the program to
add text indicting that a footnote has been continued on the next page, or from
the previous page when a footnote is too long to be shown on one page. Headers
and footers provide the ability to put texts at the top and bottom of each page.
Users may create justified (left or right) headers and footers which will be
printed against the left or right margins of a page. Alternating headers allow
users to specify that one header be printed only on even pages and that a
different header be printed only on odd pages of a document. The table of
contents provides users the ability to create a table of contents from user-
23
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marked references. A basic outlining function provides the user with a system
for creating an outline that is automatically numbered and properly formatted.
Advanced outlining features let the users hide all sublevels, such that only
section titles are visible, or view different depths of the outline. In this
category, we considered table of contents, consecutive footnotes numbering,
alternating headers, and advanced outlining features discussed earlier.
6. Make and network externality effects: These are the variables to capture the
make effect of some major players in the market, and the impact of the network
externalities. Vendors such as WordStar International, WordPerfect, Microsoft,
and Lotus were included in the analysis. Installed base and market share were
used to represent the network externalities. File conversion (compatibility)
variables discussed in the file conversion/handling category also lie in this
category.
7. Networking: This category is to represent the abilities of a word processor
program under network environment. For example, file locking means a
document is locked when one user works on it, which implies that no others can
edit the same document at the same time. Load/display read-only files feature
let the program's editor load and display files to which users have read-only
privileges. Personal settings maintaining allows users to set and maintain
24
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personal program options (e.g. default working directory and screen colors, etc.)
while sharing a single network copy of the program. We used file locking to
represent this category.
8. Miscellaneous: These are the variables representing features which do not fall
into any of the category discussed earlier. Page preview means the program can
show an on-screen approximation of printed pages. File comparison compares
two documents and highlights differences. Charting allows users to generate
graphic charts from tabular data in the document or in a spreadsheet. Graph
importing allows the program to read different graphic formats such as PICT,
TIFF and EPS (Encapsulated PostScript). Finally WYSIWYG (What You See Is
What You Get) provides an easy to use editing and user interface and is also
included in our analysis. With a well-implemented WYSIWYG feature, a
program can let users see or create headers, footnotes, or graphics in regular
editing mode without switching to another view or mode.
The selection of the variables in the analysis was mostly based on trade
magazine articles 2, product reviews, (especially Software Digest Ratings Report
2 Such as PC Magazine, PC Computing, BYTE, PC World, MacWorld, PC Week, Info World and
Computer Shopper.
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published by National Software Testing Laboratories), and the author's personal
knowledge of word processing programs in the market.
Most of the variables considered in the analysis are dummy variables that
take value of either one if a product has the feature under consideration and zero
otherwise. A detailed description for each of the variables can be found in
Appendix A and so are the tables and graphs of their descriptive statistics.
2.2 The Data
2.2.1 Data Collection
We only consider commercial (i.e. off the shelf) products, and do not include those
word processors which were distributed through "shareware" channels. This means
we confined our data sample to word processor products geared for business use.
Business users generally do not purchase shareware products, as shareware
products are primarily targeted to home and novice users and usually lack of some
sophisticated features, such as mail merge, style sheets and auto formatting.
Furthermore, we include the four major operating systems running on PC
compatible and Macintosh computers : DOS3 , Microsoft Windows, OS/2 and
Macintosh.
3 This includes Microsoft's MS-DOS and IBM's PC-DOS.
26
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The generic hedonic model described in Section 2.1 requires two kinds of
data: market data on the price and unit sales of various products by year, and
attribute data for each product. Their sources are briefly described as follows:
* List price and annual unit sales data: It was critical to obtain reliable
information on product pricing and units sold. Both DataQuest and International
Data Corporation (IDC) very generously provided data on the word processing
market. These two market analysis firms are the leading data source for
information on the software industry (see [73]). We primarily use the data
obtained from DataQuest as it covers a broader range of products and years
(1987-1991). As a result, our sample data set covers the 1987 to 1991 period
and has a total of 77 data points. Each data point is generated for each word
processor revision and each year that the revision is offered. Unlike spreadsheet
programs4 , word processor vendors generally do not continue selling older
versions after a newer version enters the market. The nominal list prices were
adjusted to account for inflation because these data include a time series
component. All product prices were deflated to 1987 dollars using the GDP
deflator.
4 For example, sales of Lotus 1-2-3 Release 2.01 continued from its release in 1985 through 1991,
despite the introduction of Lotus 1-2-3 Release 2.2 in 1989.
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* Attribute data: National Software Testing Lab's (NSTL) Software Digest
Ratings Reports was particularly useful for collecting product feature
information. We were able to obtain copies of Software Digest Ratings Reports
since 1987. Each NSTL software report on word processors contains detailed
definitions of the product features. These definitions helped us to confirm that
feature information that we collected was truly comparable across the years for
different products. In addition, various computer magazines provide some
valuable product reviews which were very helpful to characterize product
attributes for many of the popular word processors, and can serve as a
supplement to NSTL's reports. Thus, we are quite confident on sources of these
product attributes.
Table 2.1 shows the distribution of the data set by year and by operating
system platform and Figure 2.1 shows the distribution of data set by operation
system:
DOS Windows OS/2 Macintosh Total
1987 7 0 0 2 9
1988 7 0 1 5 13
1989 7 1 1 5 14
1990 7 4 2 7 20
1991 6 8 3 4 21
Table 2.1: Distribution of Samples by Year and Operating Systems
28
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2.1: Distribution of Data set by Operating System
Table 2.2 shows the distribution of data points by vendor. There are 16
vendors in our data set.
Vendor # of samples # of distinct products
WordPerfect 12 4
WordStar 11 3
Microsoft 10 4
Software 7 2
Publishing
IBM 6 2
Lotus 5 2
Others 26 10
29
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Chapter 3
Hedonic Price Estimation Equation
In this chapter, we first briefly describe the hedonic price equations used in the
analysis and then illustrate their results of estimating the values of microcomputer
word processor packages.
3.1 The Forms of Hedonic Equations
Both pure linear and semi-log forms of the regression equations were used
in our hedonic regression models. The pure linear form uses list price (in whole
dollars deflated to 1987 dollars using GDP deflator) as the dependent variable
while the semi-log form uses the nature log of the list price as the dependent
variable. The pure linear form model was found to have a slightly better adjust R2
value in our base model. Thus only the linear forms will be discussed in this thesis.
Furthermore, linear form has the advantage that a coefficient estimated from the
regression models can be interpreted directly as the value added associated with the
corresponding variable (e.g. product feature). The hedonic regression models based
on semi-log forms are included in Appendix B.
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3.2 Base Hedonic Models
In the selection process of the base hedonic models, two primary principles were
applied: use variables which we feel are most representative of the basic functional
categories described in Chapter 2, and achieve a good fit to our data set.
3.2.1 Base hedonic equation
The base hedonic equation we selected is as follows5 :
P = + 1 x TIME
+p2 x WIN + 3 x 0S2 + f4 x MAC
+J5 x LOTUS +P6 x MS+ P7 x WP + 8 x WI
+P9 x BKPNT + 1O x WYSIWYG + ,1 x CASESR + /,12 x MAILMRGE
+13 x MISC1 + E
Where P is the real list price, and e is the error term.
This base equation represents the one which we feel best fits the data set.
Based on this base hedonic equation, we now define a base case product as a word
processor that has the following properties:
· published in 1987
· runs under DOS environment
5 Please see Appendix A for the definitions of variables.
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* is not a Microsoft, WordPerfect, WordStar International, or Lotus product
· does not have background printing capability
* does not have a "What You See Is What You Get" (WYSIWYG) interface and
editing environment
* can not optionally perform a case sensitive/insensitive search
* has no mail merging capability
* does not provide alternating headers and file content comparing
* does not have integrated or bundled external grammar checker and thesaurus
Therefore, the constant Po in the regression equation can be interpreted as
the price of the base case word processor described above.
The variables in the base model are discussed as follows:
· TIME: This variable is to capture the time trend effect from 1987 to 1991
aggregately. It can be replaced by the time dummy variables T88, T89, T90, and
T91 to capture the time effect annually, as both models have very similar results
regarding other variables in the models, and the estimated coefficients for
variables T88, T89, T90, and T91 decrease smoothly. An F-test of the two
models did not reject the null hypothesis of a linear time trend (F(3,60)=0.059,
5% value = 2.76, 1% value = 4.13). A hedonic model with TIME replaced by
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T88, T89, T90 and T91 can be found in Appendix B. The use of time trend
variable or time dummy variables allows us to investigate whether there is a
price change due to the passing of time.
· WIN, OS2 and MAC: These variables represent the major operating system
platforms on both PC and Macintosh.
* LOTUS, MS, WP, and WI: These manufacturer dummy variables are used in
order to test make effects. We include four major vendors because no word
processing program has dominated the market over the entire period (1987-91),
as opposed to the domination of spreadsheet market by Lotus [34].
* BKPNT: Background printing allows the user to be able to edit one document
while the program is printing another one. This is also known as print spooling.
Word processing programs running under Microsoft Windows, OS/2 generally
have this capability as both operating systems provide multi-tasking
environments (non-preemptive for Windows and preemptive for OS/2) which
allow background printing more easily. 11 out of 13 (85%) Windows sample
points and all of OS/2 products support background printing. For example 6, by
managing print operations in the background, the Microsoft Windows Print
Manager shortens the time required for the users to regain the control of their
6 See "Advanced Word Processors For Windows," Software Digest Ratings Report, p. 10, Vol. 9, No. 6,
1992.
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Windows word processing programs when printing documents. 79.4% and
65.2% of products running under DOS and Macintosh offer this feature,
respectively.
WYSIWYG: This represents the ability of providing "What You See Is What
You Get" in regular editing (layout) mode, and/or user interface7 . It offers
tremendous advantages when formatting a document because the user sees the
document as it will appear when printed, and/or allows the user to see or create
headers, footnotes, or graphics in regular editing mode without switching to
another view or mode8 . Products with WYSIWYG was not available until
19879. There are 22% of products in our data set provide WYSIWYG in 1987
and by 1991, a majority (71%) of products in word processing market provide
this ability. Overall 55.8% products in the data set offer a WYSIWYG feature.
· CASESR: This variable indicates whether the program can optionally be
sensitive/insensitive to the case characters when performing a search. For
example, a case-sensitive search can find only exact matches for letter and case.
7 WYSIWYG and GUI (Graphical User Interface) are used interchangeably, see [34].
8 See "Advanced Word Processing Programs," Software Digest Ratings Report, p. 6, Vol. 7, No. 4, 1990.
and "Advanced Word Processors For Windows," Software Digest Ratings Report, p. 4, Vol. 9, No. 6, 1992.
We could not find any word processing product which offers WYSIWYG feature in the market before
1987.
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A case-insensitive search can disregard the case of letters when performing a
search, for example, specifying "ton" will find "ton", "Ton" and "TON". 10
* MAILMRGE: Mail merge allows data from other files to be merged with a
word processing document. For example, it can merge a database-like list of
names and addresses (and other pertinent information specific to each record)
with a single document template to produce many similar letters addressed to
different people. Because so much business and other correspondence is sent to
more than one person at more than one time, programs with mail merge features
revolutionized office correspondence. Although it is nothing new, basic mail
merge capability is essential in a word processor. l 62% of products in the
sample set have at least some basic mail merge functions.
* MISCI: This variable is defined as the sum of the variables HEADERS,
FILECOMP, GRAM, and THESAU. HEADERS provides alternating headers on
odd and even pages. FILECOMP gives the ability to find and highlight
differences between two documents. GRAM indicates whether a grammar
checker is available, whereas THESAU indicates whether a thesaurus is
available.
10 See "Advanced Word Processing Programs," Software Digest Rating Report, P. 54, Vol. 6, No. 4, 1989.
" See "Advanced Word Processing Programs," Software Digest Rating Report, P. 6, Vol. 5, No. 1, 1988.
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Figure 3.1 shows the percentage of products with feature by year for features
included in the base hedonic model. Please also see Appendix A for statistics on
these variables.
Base Hedonic Variables
Percentage of products with feature by year
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Figure 3.1: Percentage of Products with Features in Base Model by Year
Table 3.1 gives the results of hedonic price equation estimation of the base
hedonic model. The time trend variable TIME shows a decline over the period
1987-1991. The results show that over the entire period (1987-1991), quality-
adjusted price for word processing software has declined steadily in real terms by
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an average annual rate of 4%, holding features constant 2 . If we replace the time
trend variable TIME with dummy variables T88, T89, T90 and T91 (see Appendix
A), we can find that this decline has been consistently monotonic over the 1987 to
1991 period. This means that the time-associated drops in product value are all in
the same downward direction. Figure 3.2 compares the real quality-adjusted price
for word processors with nominal and real average prices in each year.
Variable Coefficient T-Stat. 2-Tail Sig.
C 197.083 12.390 0.000
TIME -15.839 -4.558 0.000
WIN -46.632 -1.707 0.093
OS2 -25.252 -0.948 0.347
MAC -106.398 -3.944 0.000
LOTUS -49.072 -2.655 0.010
MS -70.198 -5.744 0.000
WI -32.868 -2.347 0.022
WP -51.480 -4.314 0.000
BKPNT 236.887 22.909 0.000
WYSIWYG 52.969 2.046 0.045
CASESR 31.931 2.167 0.034
MAILMRGE 27.656 3.198 0.002
MISC1 14.330 2.558 0.013
N 77
R 0.935
Adjusted R2 0.921
S.E. of regression 30.229
F-statistic 69.296
Table 3.1: Base Model Regression Result
12 Feature variables BKPNT, CASESR, MAILMRGE and MISC1 were hold constant (=1) to compute this
rate for illustration. This results in a typically priced 1987 DOS product such as Microsoft Word 3.1 for
DOS.
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Nominal vs. real average price vs.
real quality-adjusted price
- Ave. nominal price -- Ave. real price
....... Quality-adjusted price
1988 1989 1990
Year
Figure 3.2: Nominal vs. Average vs. Quality Adjusted Prices
Table 3.2: Feature/Price Comparison between Operating Systems
13 Features included in the analysis are called key features.
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1987 1991
O.S. Platform DOS Windows OS/2 Macintosh
Ave. List Price 403.74 395.00 464.99 306.50
Ave. # of features 15.56 22.15 19.14 16.91
Ave. # of key 4.38 5.85 5.57 4.83
features 13
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The negative signs on coefficients of operating system platforms (Windows,
Macintosh and OS/2) suggest that word processors running on platforms offer a
better key feature/price than those of DOS. For example, in 1988 Microsoft Word
for DOS and for Macintosh were priced at $433.31 and $380.35, respectively.
While the DOS version offers 17 product features considered in our analysis
(including 5 key features), the Mac version provides 18 features (including 5 key
features) with a lower price tag. As another example, in 1990 WordPerfect for DOS
was priced at $438.54 while WordPerfect for Macintosh was at $349.95, with
number of features (key features) 22 (6) and 18 (5), respectively. This could result
a loss of market share for such a DOS product since it provides a less attractive
feature/price performance ratio.
All of the feature variables have a positive effect on the price charged for
word processors and are statistically significant in the base hedonic regression
model. The interpretation of the basic product attribute variables is straightforward
since the base hedonic model is in linear form.
The ability of performing background printing receives a surprising large
premium of $237. A closer look at the sample set shows that this is mostly due to
the lack of background printing function for low end products. Table 3.3 shows that
for products priced below $299.99, there is no low end word processor which
provides background printing, as opposed to 100% of the high end products (priced
more than $300) have such a capability. Also in low end products, 64.7%, 82.4%,
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and 47%, 100% of products provide "What You See Is What You Get"
(WYSIWYG), case sensitive/insensitive search (CASESR), mail merge capability
(MAILMRGE), and at least one of the four features 14 included in the variable
MISC1, respectively. This implies that a large portion of the price difference
between low and high end products could be absorbed by the ability of performing
background printing in the model, due to the fact that background printing is the
major differentiating feature in the base model. Nevertheless, it is very likely that
the variable BKPNT not only represents the ability to perform background printing,
but also represents those functions only seen in high end word processors.
Therefore the high premium that background printing receives could be a combined
premium from all those high end functions including itself. Perhaps the inclusion
of other features only seen in higher end products such as desktop publishing
functions can further improve this base model. However in the features we have
considered in our analysis, we could not find any other high end only feature. A
more subtle division on the product attributes may be required to find such
features. Nevertheless, the ability of performing background printing is indeed a
must have feature as discuss earlier in this chapter.
14 They are alternating headers, file comparison, grammar checker and thesaurus.
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Table 3.3: Background Printing Distribution
The ability of providing "What You See Is What You Get" interface and
editing receives a premium of $53 and is statistically significant. This is consistent
with the popularity and market trend of offering programs with graphical
WYSIWYG user interface and editing environment. Table 3.4 shows that the
percentage of products offering WYSIWYG interface and editing increase steadily
from 1987 to 1991.
Table 3.4: The Distribution of WYSIWYG by Year
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Price range No. of product No. of product provide
background printing
$0-$199.99 8 0
$200-$299.99 9 0
$300-$399.99 18 18
2$400 42 42
Year Percentage of products
providing WYSIWYG
1987 22.2%
1988 38.5%
1989 50.0%
1990 70.0%
1991 71.4%
Average 55.8%
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The base hedonic regression result shows that all of vendor variables
LOTUS, MS (Microsoft), WI (WordStar International) and WP (WordPerfect) have
a significant negative coefficient (-49.072, -70.198, -32.868 and -51.480,
respectively). Thus it could be the case that big vendors such as Lotus, Microsoft,
WordPerfect, and WordStar International were willing to price their products lower
in order to build up their market share during the study period. This finding is
coincidentally consistent with the recent market strategy being practiced by big
software players. For example, Borland sells its latest Spreadsheet Quattro Pro for
Windows (and DOS) for only $49.95 and sold more than one million copies in just
a few months 5.
'5 Borland recently sold its Quattro Pro division to Novell Inc., California.
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Product Operating Year Actual Predicted Error
System Real List Real List (A-P)
Price (A) Price (P)
Display Write 5 DOS 1990 $438.54 $442.77 ($4.23)
WordPerfect DOS 1990 $438.54 $437.55 $0.99
LetterPerfect DOS 1990 $202.88 $193.04 $9.84
WordStar DOS 1990 $438.54 $441.83 ($3.29)
Microsoft Word DOS 1990 $398.67 $404.50 ($5.83)
Ami Pro Windows 1990 $438.54 $446.30 ($7.76)
Microsoft Word Windows 1990 $438.54 $425.17 $13.37
Legacy Windows 1990 $438.54 $453.38 ($14.84)
Microsoft Word OS/2 1990 $438.54 $446.55 ($8.01)
Describe OS/2 1990 $527.13 $474.76 $52.37
Microsoft Word Macintosh 1990 $349.95 $351.07 ($1.12)
WordPerfect Macintosh 1990 $349.95 $342.14 $7.81
Mac Write II Macintosh 1990 $220.60 $184.38 $36.21
Write Now Macintosh 1990 $176.30 $170.05 $6.25
Table 3.5: Predicted vs. Real List Prices -- Base Model
3.2.2 Actual and Predicted product prices
As an illustration for the predicted results of the base hedonic model, selected
products from 1990 and their actual real list price and predicted real list price are
listed and compared in Table 3.5. Table 3.5 shows that the base hedonic model
does an excellent job on explaining the observed prices for products in the word
processor market, especially for those running under DOS and Windows platforms.
A positive error term of a product could suggest that such a product may be
overpriced relative to other products in the market. Similarly, negative errors can
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be interpreted to mean that the product provides slightly more features per dollar of
price, i.e., an attractive features/price performance ratio.
3.2.3 Base Hedonic Models: 1987-1988 vs. 1989-1991
During the period of 1987 to 1988, DOS and Macintosh word processing
applications dominated the market. Word processors for Windows platform did not
show up in the market in out data set until 1989 and did not make a significant
appearance until 199016. Therefore we divide the data set into two subsets to
investigate the effect of the introduction of Windows word processors -- one for the
years of 1987-1988, and the other for the years of 1989-19917. The base hedonic
model needs to be modified slightly for the period of 1987-1988. First there was no
Windows word processor, nor was there any Lotus product included in the 1987-
1989 data set. Second, during 1987-88, all Mac word processors offered
WYSIWYG editing, while no DOS or OS/2 programs offered this feature. Thus the
variables MAC and WYSIWYG have exactly the same values and only one of them
could be included in the model. As a result, the variables WIN, MAC and LOTUS
were removed from the original base model. Tables 3.6 and 3.7 show the regression
results:
16 In fact, there was only one Windows word processor before 1990 in our data set.
17 An alternative way is to divide the data set according to the periods 1987-1989 and 1990-1991, as only
one Windows word processor was available in 1989 in our data set. Please see Appendix B for regression
results under this alternative dividing method, both methods showed similar results.
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Variable Coefficients T-Stat 2-Tail Sig.
C 198.425 7.859 0.000
TIME -23.631 -1.684 0.120
OS2 -46.225 -1.297 0.221
MS -98.007 -4.524 0.001
WI -46.183 -1.893 0.085
WP -80.986 -2.998 0.012
BKPNT 245.205 11.446 0.000
WYSIWYG -41.314 -2.267 0.045
CASESR 40.199 1.839 0.093
MAILMRGE 68.046 3.189 0.009
MISC1 -5.384 -0.335 0.744
N _ _ _ _ _ _ _ _ _ _ _ _ _ __2 2
R2 0.972
Adjusted R2 0.947
S. E. of regression 28.205
F-statistics 38.519
Table 3.6: 1987-1988 Base Hedonic Regression Result
The variable MISC1, the sum of the variables HEADERS (alternating
headers), FILECOMP (file comparing), GRAM (grammar checker), and THESAU
(thesaurus), showing an insignificant value in the first period increases to a
premium of $20.38 in the second period. BKPNT has a quite large premium in both
time periods, as discuss earlier in this chapter, this could be due to the lack of
providing background printing in low end word processors, and BKPNT may also
represent other features only seen in high end products. CASESR has a significant
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value1 8 of $40.20 in the first time period and becomes insignificant in the second
time period. This perhaps is due to the almost universal (95%) implementation of
case sensitive/insensitive search of word processing programs during 1989-1991
period.
Variable Coefficients T-Stat. 2-Tail sig.
C 233.866 7.569 0.000
TIME -19.811 -3.585 0.001
WIN -29.935 -0.718 0.477
OS2 -2.361 -0.053 0.958
MAC -90.632 -2.221 0.032
LOTUS -27.248 -1.462 0.151
MS -53.013 -3.704 0.001
WI -30.512 -1.886 0.066
WP -28.514 -2.076 0.044
BKPNT 217.481 17.514 0.000
WYSIWYG 31.602 0.774 0.443
CASESR 16.127 0.711 0.481
MAILMRGE 4.980 0.486 0.629
MISC1 20.379 3.245 0.002
N 55
R 20.947
Adjusted R2 0.930
S. E. of regression 27.127
F-statistics 55.889
Table 3.7: 1989-1991 Base Hedonic Regression Result
46
18 At 90% confidence level.
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While the variable MAILMRGE (mail merge) has a positive coefficient and
is statistically significant in the course of 1987-1988, it becomes insignificant with
a much smaller premium ($4.98) during 1990-1991 than that of 1987-1988
($68.05). This would possibly suggest that in 1989 to 1991, the ability of being
able to perform mail merge were not viewed as important as in the period of 1987-
1988 by the users. A possible explanation is that mail merge has traditionally been
one of the most complex, error-prone parts of word processing--and the most
frustrating, especially after the user discovers that a whole stack of letters was
printed incorrectly.19 This suggests that poor implemented mail merge functions
might have discouraged users to give large premium on such a feature.
3.3 Alternative Hedonic Model
In this section, an alternative hedonic model is proposed. The time trend variable
TIME, operating system variables WIN, MAC and OS2, vendor variables LOTUS,
MS, WI and WP are kept in the model. In addition, feature variables BKPNT,
WYSIWYG, and MAILMRGE are also included in the model, while CASESR is
merged into the variable MISC2. MISC2 is defined as the sum of the variables
HEADERS (alternating headers), CASESR (case sensitive/insensitive search) and
FILECOMP (file content comparing). The variable PROOFING is the sum of the
19 See Bill Camarda, "Inside Word for Windows 6," p. 789, New Riders Publishing, 1993.
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document proofing related variables, GRAM (grammar checker), SPELL (spell
checker) and THESAU (thesaurus). The alternative hedonic price equation is shown
as follows:
P = 0 + p1 x TIME
+p2 x WIN+ 13 xOS2 + 4 X MAC
+p5 x LOTUS + P6 x MS + 7 x WP + P8 x WI
+fP9 x BKPNT + P 10 x WYSIWYG + P11I x MAILMRGE + P12 x PROOFING
+P1I3 xMISC2 + E
Where P is the real list price, and E is the error term.
Table 3.8 shows the regression results of this second hedonic model. This
model incorporates a few more feature variables but has a slightly smaller adjusted
R2 value and a larger standard error than those of the base hedonic model.
As with the base hedonic model, the time trend variable TIME in the
alternative model also shows a decline over the period of 1987-1991. All of the
feature variables have a positive effect on the price charged for word processors
and are statistically significant 20 in this alternative hedonic regression model.
Table 3.9 compares the actual real list prices and predicted real list prices
for selected word processing programs in 1991. As with the base hedonic model,
this alternative hedonic model also does a good job on explaining the observed
prices for word processing programs, especially for Windows word processors.
20 WYSIWYG and PROOFING are statistically significant at 90% confidence level.
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Variable Coefficient T-Stat. 2-Tail Sig.
C 198.207 11.619 0.000
TIME -15.522 -4.340 0.000
WIN -101.219 -3.778 0.000
OS2 -21.013 -0.793 0.431
MAC -101.219 -3.778 0.000
LOTUS -48.411 -2.592 0.012
MS -67.750 -5.470 0.000
WI -29.458 -2.120 0.038
WP -52.249 -4.280 0.000
BKPNT 232.397 19.963 0.000
WYSIWYG 48.632 1.885 0.064
MAILMRGE 24.841 2.727 0.008
PROOFING 11.259 1.667 0.100
MISC2 19.484 2.618 0.011
N 77
R 2 0.933
Adjusted R 0.919
S. E. of regression 30.578
F-statistics 67.614
Table 3.8: Alternative Hedonic Regression Result 21
21 As in the base model, an F-test of the two alternative models (time trend vs. year dummies) did
not reject the null hypothesis of a linear time trend (F(3,60)=0.032, 5% value = 2.76, 1% value =
4.13).
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Product Operating Year Actual Predicted Error
System Real List Real List (A-P)
Price (A) Price (P)
Multimate/Advantage II DOS 1991 $483.38 $460.74 $22.64
WordPerfect DOS 1991 $423.49 $422.07 $1.42
Professional Write DOS 1991 $213.03 $189.38 $23.65
WordStar DOS 1991 $409.50 $456.12 ($46.63)
Microsoft Word DOS 1991 $385.00 $387.09 ($2.09)
Ami Pro Windows 1991 $423.49 $432.90 ($9.41)
Microsoft Word Windows 1991 $423.49 $413.56 $9.93
Legacy Windows 1991 $423.49 $418.79 $4.71
WordPerfect Windows 1991 $423.49 $429.06 ($5.57)
Microsoft Word OS/2 1991 $423.49 $445.45 ($21.96)
Describe OS/2 1991 $423.49 $457.62 ($34.13)
Microsoft Word Macintosh 1991 $337.94 $345.76 ($7.82)
Fullwrite Professional Macintosh 1991 $337.94 $366.15 ($28.21)
Table 3.9: Predicted vs. Real List Prices - Alternative model
3.3.1 Alternative Hedonic Models: 1987-1988 vs. 1989-1991
Tables 3.10 and 3.11 show the regression results when applying the alternative
hedonic model to the two sub data sets, 1987-1988 and 1989-1991. Again, the
variables MAC, WIN and LOTUS were removed from the model for the period of
1987-1988 due to the same reason discussed in Section 3.2.3.
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Variable Coefficients T-Stat 2-Tail Sig.
C 177.909 6.831 0.000
TIME -25.831 -1.738 0.110
OS2 -21.191 -0.625 0.545
MS -92.481 -4.320 0.001
WI -29.368 -1.290 0.224
WP -85.727 -3.052 0.011
BKPNT 264.647 11.243 0.000
WYSIWYG -15.725 -0.766 0.460
MAILMRGE 62.748 3.055 0.011
PROOFING 17.077 1.483 0.166
MISC2 0.639 0.037 0.971
N 22 _ _ __22
R2 0.970
Adjusted R2 0.943
S. E. of regression 29.266
F-statistics 35.700
Table 3.10: 1987-1988 Alternative Hedonic Model
The WYSIWYG editing, showing an insignificant negative coefficient in the
first period (1987-1988) increases to a premium of $42.72 in the second period
(1989-1991) 22. The second period corresponds approximately to the popularity of
Windows environment. This would suggest that the importance of WYSIWYG
editing is strengthened by the emerge of Windows word processors in the second
period. Mail merge has a similar pattern to that of base hedonic model. The
22 Although it is not statistically significant, however it is believed that a graphical user interface (GUI) has
a significant advantage over character-based operating system to offer WYSIWYG.
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variable MAILMRGE has a positive statistically significant coefficient (i.e. it
receives a premium of $62.75) in 1987-1988, and becomes insignificant (an
insignificant premium of $1.40) in 1989-1991. A possible explanation was
discussed earlier in Section 3.2.3.
Variable Coefficients T-Stat. 2-Tail sig.
C 224.332 8.349 0.000
TIME -20.312 -3.690 0.001
WIN -42.511 -1.136 0.263
OS2 -16.754 -0.416 0.679
MAC -106.472 -2.937 0.005
LOTUS -28.127 -1.572 0.124
MS -50.042 -3.565 0.001
WI -26.458 -1.660 0.104
WP -29.983 -2.218 0.032
BKPNT 210.555 16.433 0.000
WYSIWYG 42.719 1.164 0.251
MAILMRGE 1.400 0.133 0.895
PROOFING 12.675 1.578 0.122
MISC2 25.943 3.132 0.003
N 55
R 2 0.947
Adjusted R2 0.931
S. E. of regression 26.895
F-statistics 56.909
Table 3.11: 1989-1991 Alternative Hedonic Model
MISC2 receives a significant premium of $25.94 in the second period, while
it was insignificant during the first period. Since MISC2 is defined as the sum of
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the variables HEADERS (alternating headers), CASESR (case sensitive/insensitive
search) and FILECOMP (file content comparing), this means that the combined
effect of these three variables becomes significant in the second period.
3.4 Network Externalities
In [3], Arthur argued that application software exhibits positive network
externalities in that the value of a product to an individual user increases to the
degree that other people also use it. It would be expected that products with a larger
share of the installed base will exhibit a price premium over products with smaller
shares [21] if the market exhibits some network externality effect.
In the spreadsheet market, Brynjolfsson and Kemerer [10] represented the
main network externality effect by a product's share of the installed base of
spreadsheets. They found that each percentage point of share has an estimated value
of $3.88. They used Lotus 1-2-3 menu compatibility to represent the effect of the
dominant user-interface standard and found it has a $116.76 premium. They also
fount that the "Lotus make effect"2 3 variable is marginal significant with an
estimated coefficient of $67.46.
Mayo and Young [34] used the availability of Lotus 1-2-3 menu tree
interface to represent the network externality effects. They found the compatibility
23 Represented by the variable MFR_LOT.
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to Lotus 1-2-3 menu tree receives a premium of $66.80. They also reported a
$155.40 "make effect" premium received by Lotus.
3.4.1 Compatibility and Make Effect
Unlike spreadsheet programs, word processors do not really have a de facto
menu interface or command set. No word processor significantly dominates the
market for the entire study period as Lotus 1-2-3 does in the case of spreadsheet
programs. Table 3.12 lists the top word processing vendor (and the corresponding
program) and its estimated market share2 4 from 1985 to 198925.
Table 3.12 Top Word Processor Seller by Year
24 Among business users.
25 This information is drawn from "1989 Software Market Survey," Sentry Market Research, 1989.
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Year Vendor Product Market Share
1985 IBM Display Write 27.7%
1986 IBM Display Write 20.4%
1987 Ashton-Tate Multimate/Advantage II 22.0%
1988 WordPerfect WordPerfect 32.4%
1989 WordPerfect WordPerfect 38.5%
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Percentage of units shipped, 1990
Others
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Word for M.
WordPerfect for
DOS
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Windows
9%
Figure 3.3 Percentage of Word Processor Units Shipped in 1990
Percentage of units shipped, 1991
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55
Word for DOS
13%
34%
Wordperfect for
Windows
6%
Wordstar
6%
Word f
Chapter 3: Hedonic Price Estimation Equation
Figures 3.3 and 3.4 show the word processing market share26 for both 1990
and 1991 27. The figures show that despite WordPerfect having the biggest share in
the word processing market from 1988 to 1991, its market share figures never
exceeded 50%, and was even slightly decreased in 199128. There are a number of
possible explanations for this decrease. First, this decrease could be related to the
market trend of moving from DOS platforms to Windows environment. Second,
although WordPerfect did come up with a Windows version of WordPerfect in
199129, this first WordPerfect for Windows program was poorly implemented
compared to its major rival, Microsoft Word for Windows. As Software Digest
wrote "... The program's [WordPerfect for 5.1 for Windows] performance,
however, suffers when compared to others [Microsoft Word for Windows 2.0 and
Lotus Ami Pro for Windows 3.0]. It is the most difficult of the three to learn and
use, ....", "WordPerfect for Windows may be the most difficult program for a
WordPerfect for DOS user to learn ...." 30
Although WordPerfect does not significantly dominate the word processing
market, as Lotus 1-2-3 does in the case of spreadsheet programs, its power and
popularity can not be ignored. 57% of the products31 in our data set offer the ability
26 Based on percentage of unit shipments by vendors.
27 This counts word processing programs on both IBM PC-compatible and Macintosh computers.
28 From 42% in 1990 to a combined (Windows and DOS) share of 40%.
29 WordPerfect for Windows 5.1.
30 "Advanced Word Processors for Windows," Software Digest Ratings Report, p. 6, p. 12, Vol. 9, No. 6,
1992.
31 Excluding WordPerfect products.
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of reading from or writing to WordPerfect format files.3 2 Very few programs went
beyond file compatibility. For example, Microsoft Word and Lotus Ami Pro are
among the very few, if not the only ones, which provide an optional on-line help3 3
specially designed for WordPerfect users to ease their switch from WordPerfect to
Word and Ami Pro.34
It is also interesting to find that even for products that offer cross platform
versions, such as Microsoft Word3 5, the command sets and menu interfaces, even
the file compatibility were not very consistent. In fact, it was not until 1993 that
Microsoft decided to provide an uniform user interface and an universal file format
for both its application software programs on Windows and Macintosh.
In our analysis, the file compatibility variables IEWP (for WordPerfect),
IEMS (for Microsoft), and IEWS (for WordStar) were considered. In addition, the
dummy variables for manufactures such as Microsoft (MS), WordStar (WI),
WordPerfect (WP) and Lotus (LOTUS) are also included to test make effect.
32 Although it seems that more programs provide Word (71%) file compatibility in our data set, however,
this is mostly due to more Macintosh word processors provide file conversion function for Word than for
WordPerfect.
33 This is called "WordPerfect Help" menu option, "SwitchKit" in Microsoft Word for Windows and Lotus
Ami Pro, respectively.
34 This feature was not available until recent versions of Microsoft Word for Windows and Lotus Ami Pro.
35 This includes DOS, Windows, OS/2 and Macintosh versions.
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3.4.2 Installed Base
In addition to file compatibility and manufactures variables, we also use the
product's share of the installed base of word processors to test the network
externality effect in word processing market. We computed the installed base of
each product in each year by accumulating its sales in all prior years, including
sales of earlier compatible versions. This variable is called BASESHARE in our
analysis.
By adding the variables BASESHARE, IEWP, IEMS and IEWS to the base
hedonic model, we thus have the following hedonic price equation:
P = o + Pi x TIME
+132 x WIN +f3 x OS2+f 4 xMAC
+5x LOTUS + 6 xMS + 7 x WP + 8 xWI
+1P9 x BKPNT + P10 x WYSIWYG + Il x CASESR + P12 x MAILMRGE
+P133 x MISC1 + P14 x BASESHARE
+115 x IEWP + P16 x IEMS+ P17 x IEWS + E
Where P is the real list price and e is the error term.
Table 3.13 shows the regression results for this hedonic price equation when
applying it to the full set. Among the file compatibility variables, WordPerfect file
compatibility receives a significant (at 90% confidence level) value of $23.03.
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However, Microsoft file compatibility is found to have a negative value. Installed
base is also found to have an insignificant negative value.
Variable Coefficient T-Stat. 2-Tail Sig.
C 197.331 12.267 0.000
TIME -13.569 -3.505 0.001
WIN -59.777 -2.165 0.034
OS2 -49.026 -1.722 0.090
MAC -113.643 -4.235 0.000
LOTUS -55.313 -2.918 0.005
MS -69.490 -4.638 0.000
WI -39.763 -2.788 0.007
WP -52.483 -3.755 0.000
BKPNT 239.823 22.283 0.000
WYSIWYG 55.459 2.066 0.043
CASESR 55.173 2.831 0.006
MAILMRGE 30.966 3.427 0.001
MISC 1 12.805 2.101 0.040
IEWP 23.028 1.816 0.074
IEMS -26.651 -1.737 0.088
IEWS -14.595 -1.033 0.306
BASESHARE -0.790 -1.153 0.254
N 77
R 0.941
Adjusted R2 0.924
S.E. of regression 29.644
F-statistic 55.487
Table 3.13: Model considering Network Externality
Although installed base does not show a positive premium in our full data
set, Table 3.14 shows that when considering DOS word processors only, installed
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base becomes significant and receives a premium of $3.24 for each percentage
point of share.
Variable Coefficient T-Stat. 2-Tail Sig.
C 178.049 12.103 0.000
TIME -15.778 -3.838 0.001
MS -132.754 -7.029 0.000
WI -59.602 -4.346 0.000
WP -161.181 -5.963 0.000
BKPNT 291.898 14.343 0.000
WYSIWYG 233.906 4.469 0.000
CASESR 58.060 4.350 0.000
MAILMRGE 1.390 0.077 0.939
MISC 1 -1.950 -0.245 0.809
BASESHARE 3.236 3.020 0.006
N 34
R 0.970
Adjusted R2 0.957
S.E. of regression 22.982
F-statistic 74.135
Table 3.14: Network Externality Model (DOS)
This would suggest that for DOS platform, installed base is significant and
network externality effect becomes evidence. When there is a technology
architecture change, for example, the movement from DOS applications to
Windows applications, current installed base in old platform becomes insignificant.
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This supports the hypothesis that entry into the software market is more likely to be
successful when there is a major change in architecture platform. It is hard to
overcome inertia due to network benefits when many users are locked-in to an
existing platform. However, a significant change in platforms (in a better sense)
could make users willing to give up their previous software running under the old
platform. That is, a new hardware or operating system could level the playing field
and erase the advantages of the existing network (see [10]).
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Market Share Estimation
In Section 3.2.2, we mentioned that a positive error term36 of a hedonic estimation
could suggest that such a product may be overpriced relative to other products in
the market. Similarly, negative errors can be interpreted to mean that the product
provides provide slightly more features per dollar of price, i.e.. an attractive
features/price ratio. It is interesting to see if this error term (i.e. overpriced if this
term is positive or better performance value if this error term is negative) has any
effect on the product's market share.
4.1 Are Overpriced Products Losing Market Share ?
One hypothesis is that if a product is overpriced, then it may start losing its market
share due to this overpricing eventually. That is, if a product is found to be unable
to provide satisfactory performance or functions for its price, it will lose its market
share if there are other more attractive products available in the market. As an
example, Table 4.1 shows that WordStar charged more than other major
competitors during 1987 to 1991; however it did not provide a more powerful
program than others. For example, during 1987-1991, WordStar and WordPerfect
provided very similar average number of features and key features (those in the
36 Defined as Actual Price - Predicted Price.
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base hedonic model), but WordStar was priced $67.62 more than WordPerfect. The
hypothesis would suggest that as a result of overpricing its product, WordStar
might lose its market share eventually.
Brand WordPerfect WordStar Microsoft Lotus Brand Others
Ave. List $382.37 $449.99 $402.41 $436.13 $410.32 $346.42
Price
Ave. # of 19.25 18.63 20.86 23.4 20.23 14.5
features
Ave. #of 5.25 5.25 5.86 6.40 5.61 4.11
key
features
Table 4.1: Average Feature/Price by Manufacturer
Table 4.2 gives the actual list and fitted prices and market share information
for WordStar DOS word processor from 1987 to 1991. It shows that, due to being
overpriced in 1987 and 1988, its market share dropped from 1987's 10.4% to 4.4%
in 1989. The decrease of market share in 1990 may be due to the introduction of
Windows and Windows word processors3 7. Its market share climbed up to 6.25% in
1991. This may be because it provided a better feature/price performance ratio
during 1990 and, particularly 1991. In 1991, WordStar International came up with
WordStar 7.0 which was described as "WordStar for DOS, Version 7.0 ($49538), is
37 Although it was not overpriced in 1989 and 1990.
38 This is nominal list price.
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significantly upgraded from earlier editions. There are plenty of good reasons for
established WordStar users to upgrade to 7.0 .... 39. This could also explain the
increase of WordStar's market share in 1991. Despite of this strong upgrade, in
general the company did not change fast enough, and as a result, it almost
disappeared as a force in the fast moving software market in recent years.
Table 4.2: WordStar for DOS Sales (1987-1991)
4.1.1 Market Share Estimation model
In this section, we consider the following model:
MKTDIFFt = Po + f, x OVPRICEt,_ + £
Where
MKTDIFFt = MKTSHAREt - MKTSHAREt,_
OVPRICEtl = APRICEl - PPRICEtl
MKTSHARE, is the market share in year i.
APRICE, is the actual list price in year i.
PPRICEi is the predicted list price in year i.
E is the error term.
39 See Edward Mendelson, "Something Old, Something New," p. 220-221, Vol. 11, No. 10, PC
Magazine, May 26, 1992.
40 This excludes lucrative OEM arrangements.
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1987 1988 1989 1990 1991
Actual price $495.01 $476.64 $456.57 $438.54 $409.50
Fitted price $475.02 $473.51 $457.67 $441.83 454.65
Overcharge $19.99 $3.12 ($1.10) ($3.29) ($45.16)
Market 10.38% 5.99% 4.36% 3.83% 4 6.25%
Share
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Therefore,
MKTDIFF, is the market increase from year t-1 to year t. A negative value of
MKTDIFF means there is a market share loss from year t-1 to year t. In other
words, a positive MKTDIFFt value implies there is a market gain from year t- to
year t.
OVPRICEt.i is the amount which a product is overpriced in year t-1.
This model essentially tests if there is a strong relationship between the
market share in a given year and the amount that a product was overpriced in the
immediate previous year4 1
Tables 4.3 and 4.4 show the ordinary least square regression results when
applying this model to the full data set using predicted product prices from base
and alternative hedonic models we introduced in Chapter 3. The negative and
statistically significant coefficients for the variable OVPRICE in both cases imply
that this regression model provides somewhat strong evidence that overpriced
product is likely to have a loss in market share. Both the F ratio 6.7 in Table 4.3
and 7.8 in Table 4.4 are greater than the critical value 4.08 (=0.05) which implies
that we accept the hypothesis that the coefficient for OVPRICE is not zero.
41 We originally consider both current year and previous year. However current year was shown to
be statistically insignificant and was dropped out of the model. Regression models with both years
can be found in Appendix C.
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Variable Coefficient T-Stat. 2-Tail Sig.
C -0.051 -0.117 0.907
OVPRICE -0.046 -2.589 0.013
N 42
R2 0.143
Adjusted R2 0.122
S.E. of regression 2.800
F-statistic 6.700
Table 4.3: Market Share Regression (using Base Model)
Variable Coefficient T-Stat. 2-Tail Sig.
C -0.021 -0.049 0.961
OVPRICE -0.046 -2.802 0.008
N 42
R2 0.164
Adjusted R2 0.143
S.E. of regression 2.766
F-statistic 7.851
Table 4.4: Market Share Regression (using Alternative Model)
4.1.2 Market Share Estimation Model on Individual Products
Table 4.5 shows the regression result when this model is applied to WordStar for
DOS. It shows a very strong evidence that the overpriced WordStar did affect its
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market share significantly. Tables 4.6 shows the result when applying this model to
IBM's Display Write for DOS. It also shows a strong evidence supporting our
hypothesis.
Variable Coefficient T-Stat. 2-Tail Sig.
C 0.102 0.126 0.911
OVPRICE -0.243 -3.064 0.092
N 4
R2 0.824
Adjusted R2 0.737
S.E. of regression 1.448
F-statistic 9.385
Table 4.5: WordStar Market Share Regression
Variable Coefficient T-Stat. 2-Tail Sig.
C -0.949 -6.192 0.025
OVPRICE -0.066 -5.534 0.031
N 4
R 0.939
Adjusted R2 0.908
S.E. of regression 2.128
F-statistic 30.620
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DOS Windows
Ave. list price $382.79 $389.87
No. of feature 18.46 22.17
No. of key feature 5.00 5.83
Table 4.7: Feature/Price: DOS vs. Windows
Table 4.7 shows that during 1990 and 1991, DOS word processors provided
smaller average number of features (and key features) than their Windows
competitors, while the average list price of DOS products was about the same as
that of Windows programs. This implies that Windows word processors provide a
better feature/price performance ratio than DOS word processors during this period.
As an example, in 1990, Microsoft Word for DOS and Word for Windows were
priced at $404.50 and $425.15 respectively. However, the DOS version provides
only 20 features, including 5 key features, while the Windows version provides 25
features including 7 key features. This at least gives some reasonable explanation
that the market share of Word for DOS dropped from 19.9% to 12.5% in 1991,
meanwhile Word for Windows increased its market share from 9.4% to 14.6%.
Another possible explanation is that vendors of DOS word processors had realized
that eventually they will lose the market share to Windows word processors as
more and more users migrated to Windows from DOS environment. Therefore, they
were willing to take the strategy to make as much profit as they could out of their
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DOS products, and did not mind the loss of market share. During this period they
started developing their Windows products42
42 Both Microsoft and WordPerfect have stopped further development on their DOS word
processors in 1993 (final version: Word 6.0 for DOS and WordPerfect 6.0 for DOS).
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Conclusions
5.1 Summary of Major Findings
Hedonic price estimation models were applied to investigate the pricing issues of
microcomputer word processing market in this research. The results show that the
pace of quality improvements for products in this market outpaced the rise in
product prices over the course of 1987 to 1991. In addition, we estimated that the
quality-adjusted price has declined in the rate of approximately 4% per year since
1987.
Our results also suggest that the word processing market as a whole (i.e.
mixing DOS, Windows, OS/2 and Macintosh platforms) does not show a strong
network externality effect (measured by installed base). However, it does show a
strong network externality effect (in terms of installed base) when considering DOS
word processing market only. A possible explanation could be that our study period
covers the transition period (1990-1991) in which many users switched from DOS
to Windows environment, and as a result, the advantage of existing installed base
of DOS word processors was broken. This supports the hypothesis that when a new
technology is introduced, it will be easier for new entries with no existing installed
base to enter the market.
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We found some significant evidence showing that overpriced products
would result in the loss of market share. Here overpriced products means those
word processors whose real list prices were higher than the predicted prices derived
from our hedonic models (both base and alternative). An overpriced product
implies that it does not provide an attractive feature/price performance ratio
relative to other products in the market. Using this concept, for example, we found
that many DOS word processors were inferior relative to their Windows, or
Macintosh counterparts. As a result, these DOS word processing programs lost
their market share to those running under Windows or Macintosh platforms. It is
understandable that users of a character-based operating system like DOS would
switch to a more graphical environment such as Microsoft Windows to take the
advantages of, for example, easier to use graphical user interface, and multi-tasking
job control. This implies that the loss of market share of DOS word processing
programs to their Windows competitors was unavoidable. Thus vendors of DOS
word processors might have taken the strategy to keep their DOS products highly
priced to make as high profit as they could from those users who still hadn't
migrated to Windows, as they had realized that they would lose their market share
to Windows sooner or later.
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5.2 Future Research
A shorter term future research project would be to adapt the hedonic model
approach to other major categories of microcomputer software packages such as
data base management, desktop publishing, and the office suite packages. In
particular, the office suite packages have become a major issue in business
packaged software market4 3. An office suite package usually consists of
spreadsheet, word processing, presentation and data base management programs
and is sold substantially cheaper than purchasing individual products separately. It
has been reported that some office suite packages now account for more than 50%
of the sales of the Windows applications of their respective vendors. The
estimation of values of such suite applications would be harder due to the cross
application properties, such as the integration issues between programs in a suite.
Another approach that could be possibly used to value product attributes is
the discrete choice model, namely the multinomial logit model. While the hedonic
price model assumes that there is a continuous function (i.e. the hedonic price
equation) relating the price of a product (in our case, software program) to its
attributes, the discrete choice approach views the individual as choosing the
product that gives him/her the highest utility 44 out of all products in a universal
43 Major office suite packages include Microsoft's Microsoft Office, Lotus's SmartSuite, and
Borland and WordPerfect's Borland Office.
44 Utility function is a function of product attributes.
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choice set. By comparing the results of both hedonic and logit approaches, we
would be able to gain some more insights on the estimates of values of
microcomputer software packages.
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Variables: Definitions and Descriptive Statistics
This appendix provides detailed definition of each variable used in our analysis. It
also gives tables and graphs of the distributions of the data collected.
A. 1 Variable Definitions
The definitions of variables are given by categories listed below (also see Section
2.2.1):
1. Time dummy variables
2. Operating System platform variables
3. Text Editing/Formatting
4. Text Proofing
5. Text Printing
6. File Conversion/Handling
7. Document Preparation
8. Make and Network Externality Effects
9. Networking
10. Miscellaneous
Note that most of the variables are binary variables, i.e., they either take
value of one or zero. Non-binary variables will be specified whenever necessary.
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A. 1.1 Time Dummy Variables
) T88: T88 is one if it was in the market in 1988.
0 T89: T89 is one if it was in the market in 1989.
O T90: T90 is one if it was in the market in 1990.
O T91: T91 is one if it was in the market in 1991.
O TIME: TIME equals 1 if T88=1, 2 if T89=1, 3 if T90=1, 4 if T91=1.
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A. 1.2 Operating System Platforms
0 DOS: DOS is one if the product is a DOS program.
0 WIN: WIN equals one if the product is a Windows program.
0 MAC: MAC is one if the product is a Macintosh program.
0 OS2: OS2 is one if the program is an OS/2 program.
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A. 1.3 Text Editing/Formatting Variables
0 AUTOFORM: AUTOFORM equals one if the program can automatically
reflows the remaining text in the paragraph to conform to the current margins
after the user inserts or deletes text.
0 CASESR: CASESR equals one if the program can optionally be
sensitive/insensitive to the case of characters when performing a search.
0 CNTREPAG: CNTREPAG is one if the program can automatically reflows the
remaining text to conform with the current page format after the user inserts or
deletes text.
0 REVISION: REVISION equals one if text can be added or deleted in revision
mode and revisions can be automatically adopted or rejected. Revision text can
display and print with special characters that indicate whether it should be
added or deleted.
0 STYLE: STYLE is one if styles can be saved for future use in any document
once they are defined.
0 UNDO: UNDO equals one if it can undo the action of the last one or more
executed commands.
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Table A.1: Mean of Text Editing/Formatting Variables by Year
Figure A. 1: Distribution of Text Editing/Formatting Variables by Year
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Year Sample AUTOFORM CASESR CNTREPAG REVISION STYLE UNDO
Size
1987 9 66.70% 66.70% 33.30% 22.20% 33.30% 33.30%
1988 13 76.90% 92.30% 61.50% 53.80% 53.80% 38.50%
1989 14 85.70% 92.90% 71.40% 57.10% 50.00% 50.00%
1990 20 95.00% 90.00% 85.00% 60.00% 65.00% 75.00%
1991 21 100.00% 100.00% 90.50% 66.70% 81.00% 81.00%
All years 77 88.30% 90.90% 74.00% 55.80% 61.00% 61.00%
Text Editing/Formatting Variables
Percentage of product features by year
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A. 1.4 Text Proofing
0 GRAM: GRAM is one if the program includes a grammar checker that can be
used to check common misusage of noun-verb agreement, these, cliches, and
others.
0 SPELL: SPELL equals one if the program has a spell checker and can perform
at least two of the following tasks: irregular caps, repeated words, and global
word replacement.
0 THESAU: THESAU equals one if the program has a thesaurus that can perform
at least one the following functions: multilevel search and separates words by
meaning.
0 PROOFING: PROOFING is simply the sum of GRAM, SPELL and THESAU.
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Table A.2: Mean of Text Proofing Variables by Year
Figure A.2: Distribution of Text Proofing Variables by Year
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Year Sample Size GRAM SPELL THESAU
1987 9 0.00% 77.80% 44.40%
1988 13 0.00% 92.30% 53.80%
1989 14 0.00% 92.90% 85.70%
1990 20 10.00% 100.00% 85.00%
1991 21 38.10% 100.00% 90.50%
All years 77 13.00% 94.80% 76.60%
Text Proofing Variables
Percentage of product features by year
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A. 1.5 Text Printing
0 BKPNT: BKPNT equals one if the program allows the user to edit one
document while it is printing another.
0 PNTQUE: PNTQUE is one if the user can specify that a series of different
documents be printed one after another.
0 SPOOLQ: It is the sum of BKPNT and PNTQUE.
0 MAILMRGE: MAILMRGE equals one if the program has a basic mail merging
capability.
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Year Sample BKPNT PNTQUE MAILMRGE
Size
1987 9 66.70% 44.40% 55.60%
1988 13 76.90% 38.50% 76.90%
1989 14 78.60% 50.00% 71.40%
1990 20 80.00% 50.00% 65.00%
1991 21 81.00% 57.10% 47.60%
All years 77 77.90% 49.40% 62.30%
Table A.3: Mean of Text Printing Variables by Year
Text Printing Variables
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Figure A.3: Distribution of Text Printing Variables by Year
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A. 1.6 File Conversion/Handling
0 IEMS: IEMS is one if the program is able to read from and/or write to a
Microsoft Word document.
0 IEWP: IEWP equals one if the program is able to read from and/or write to a
WordPerfect document.
0 IEWS: IEWS equals one if the program is able to read from and/or write to a
WordStar document.
0 IEDCA: IEDCA is one if the program is able to read from and/or write to a
DCA-RTF document.
0 IEDATA: IEDATA equals one if at least three of IEMS, IEWP, IEWS and
IEDCA have value one.
0 COMPAT: COMPAT is the sum of IEMS, IEWP, IEWS and IEDCA.
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Table A.4: Mean of File Conversion/Handling Variables by Year
File Conversion Variables
Percentage of product features by year
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Figure A.4: Distribution of File Conversion/Handling Variables by Year
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Year Sample IEMS IEWP IEWS IEDCA IEDATA
Size
1987 9 22.20% 11.10% 44.40% 66.70% 0.222
1988 13 61.50% 38.50% 61.50% 69.20% 0.615
1989 14 71.40% 57.10% 78.60% 92.90% 0.643
1990 20 90.00% 70.00% 80.00% 85.00% 0.75
1991 21 100.00% 90.50% 95.20% 100.00% 0.952
All years 77 76.60% 61.00% 76.62% 85.70% 70.10%
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A. 1.7 Document Preparation
0 FOOTNOTE: FOOTNOTE equals one if the program provides automatic
footnote numbering which numbers footnotes consecutively.
0 HEADERS: HEADERS is one if the program allows the user to specify that one
header be printed only on even pages and that a different header be printed only
on odd pages of a document.
0 OUTLINE: OUTLINE equals one if the program allows the subheadings below
the current level to be expanded or hidden.
0 TBLECNTN: TBLECNTN is one if the program can generate a table of contents
from marked references.
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Table A.5: Mean of Document Preparation Variables by Year
Document Preparation Variables
Percentage of Products with features by year
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Figure A.5: Distribution of Document Preparation Variables by Year
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Year Sample FOOTNOTE HEADERS OUTLINE TBLECNTN
Size
1987 9 66.70% 88.90% 22.20% 55.60%
1988 13 92.30% 92.30% 42.60% 69.20%
1989 14 92.90% 92.90% 35.70% 71.40%
1990 20 85.00% 90.00% 35.00% 75.00%
1991 21 85.70% 85.70% 42.90% 85.70%
All years 77 85.70% 89.60% 37.70% 74.00%
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A. 1.8 Make and Network Externality Effects
0 LOTUS: LOTUS equals one if the program is published by Lotus.
0 MS: MS is one if the program is published by Microsoft.
0 WI: WI is one if the program is published by WordStar International.
0 WP: WP equals one if the program is published by WordPerfect.
0 BASESHARE: BASESHARE is the installed base of a program.
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A. 1.9 Networking
0 FILELOCK: FILELOCK is one if the program can lock a file when one user
works on it so that no other users can edit the same document at the same time
in a networked environment.
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Table A.6: Mean of Networking Variables by Year
Figure A.6: Distribution of Networking Variable by Year
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Year Sample Size FILELOCK
1987 8 62.50%
1988 11 54.50%
1989 12 75.00%
1990 14 85.70%
1991 17 94.10%
All years 62 77.40%
Networking Variables
Percentage of products with feature by year
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90.000/0
80.00%0/0
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60.000/0
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30.000/%
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| Filelock 
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Appendix A: Variables: Definitions and Descriptive Statistics
A. 1.10 Miscellaneous
O PGPRVIEW: PGPRVIEW is one if the program can show an on-screen
approximation of printed pages.
0 FILECOMP: FILECOMP is one if the program can compare two documents
and highlights their differences.
0 CHART: CHART equals one if the program can generate pie or bar charts from
tabular data in the document or in a spreadsheet form.
0 GRPHIMPT: GRPHIMPT is one if the program can read at least two of the
following types of files: Lotus 1-2-3 graphic files, TIFF, and Encapsulated
PostScript.
O WYSIWYG: WYSIWYG is one if the provides a What You See Is What You Get
user and/or editing interfaces.
0 MISCI: MISC1 is the sum of the variables HEADERS, FILECOMP, GRAM and
THESAU.
0 MISC2: MISC2 is the sum of the variables HEADERS, CASESR and
FILECOMP.
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Table A.7: Mean of Miscellaneous Variables by Year
Miscellaneous Variables
Percentage of products with features by year
1 UU.UU7 -
90.00°/o -
80.00%-
70.00%-
60.00%/
__n-m/.
PGPRVIEW
*WYSIWYG
o FILECOMP
a CHART
*GRPHIMPT
1988 1989 1990 1991
Figure A.7: Distribution of Miscellaneous Variables by Year
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40.000/
30.00%-
20.00%-
10.00%-
0. 000/
Year Sample PGPRVIEW WYSIWYG FILECOMP CHART GRPHIMPT
Size
1987 9 44.40% 22.20% 0.00% 0.00% 0.00%
1988 13 69.20% 38.50% 7.70% 0.00% 15.40%
1989 14 78.60% 50.00% 7.10% 7.10% 35.70%
1990 20 95.00% 70.00% 25.00% 10.00% 60.00%
1991 21 100.00% 71.40% 42.90% 9.50% 95.20%
All years 77 83.10% 55.80% 20.80% 6.50% 50.60%
---- -`---------
4 0,
iI
i
i
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Appendix B
More Hedonic Regression Results
Variable Coefficient T-Stat. 2-Tail Sig.
C 5.292 99.029 0.000
TIME -0.047 -3.991 0.000
WIN -0.120 -3.991 0.000
OS2 -0.066 -0.742 0.461
MAC -0.275 -3.034 0.004
LOTUS -0.101 -1.626 0.109
MS -0.152 -3.713 0.000
WI -0.070 -1.495 0.140
WP -0.115 -2.864 0.006
BKPNT 0.781 22.470 0.000
WYSIWYG 0.139 1.600 0.115
CASESR 0.071 1.437 0.156
MAILMRGE 0.052 1.795 0.078
MISC1 0.045 2.380 0.020
N 77
R2 0.931
Adjusted R2 0.916
S.E. of regression 0.102
F-statistic 64.924
Table B.1: Base Hedonic Model: Semi-Log Form45
45 Use natural log of the real list price as the dependent variable.
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Appendix B: More Hedonic Regression Results
Variable Coefficient T-Stat. 2-Tail Sig.
C 5.270 92.933 0.000
TIME -0.048 -4.007 0.000
WIN -0.103 -1.143 0.257
OS2 -0.051 -0.582 0.563
MAC -0.254 -2.852 0.006
LOTUS -0.100 -1.618 0.111
MS -0.154 -3.740 0.000
WI -0.069 -1.494 0.140
WP -0.116 -2.860 0.006
BKPNT 0.782 20.206 0.000
WYSIWYG 0.127 1.481 0.144
MAILMRGE 0.054 1.788 0.079
PROOFING 0.047 2.095 0.040
MISC2 0.043 1.742 0.087
N 77
R 0.930
Adjusted R2 0.916
S.E. of regression 0.102
F-statistic 64.809
Table B.2: Alternative Hedonic Model: Semi-Log Form
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Appendix B: More Hedonic Regression Results
Variable Coefficient T-Stat. 2-Tail Sig.
C 196.933 11.742 0.000
T88 -15.845 -1.109 0.272
T89 -34.884 -2.405 0.019
T90 -45.657 -3.182 0.002
T91 -64.691 -4.140 0.000
WIN -46.281 -1.623 0.110
OS2 -25.059 -0.904 0.369
MAC -106.137 -3.794 0.000
LOTUS -49.450 -2.603 0.012
MS -70.626 -5.513 0.000
WI -33.043 -2.276 0.026
WP -51.893 -4.234 0.000
BKPNT 236.920 22.208 0.000
WYSIWYG 52.461 1.946 0.056
CASESR 32.650 2.115 0.039
MAILMRGE 27.701 3.010 0.004
MISC1 14.441 2.508 0.015
N 77
R2 0.935
Adjusted R2 0.918
S.E. of regression 30.915
F-statistic 53.849
Table B.3: Base Hedonic Model using Year Dummies
94
Appendix B: More Hedonic Regression Results
Variable Coefficient T-Stat. 2-Tail Sig.
C 197.568 10.966 0.000
T88 -13.556 -0.937 0.352
T89 -31.084 -2.071 0.043
T90 -43.631 -2.890 0.005
T91 -62.129 -3.835 0.000
WIN -41.187 -1.451 0.152
OS2 -20.848 -0.754 0.454
MAC -101.241 -3.616 0.001
LOTUS -48.459 -2.527 0.014
MS -67.484 -5.196 0.000
WI -29.215 -2.028 0.047
WP -52.424 -4.183 0.000
BKPNT 232.069 19.120 0.000
WYSIWYG 48.165 1.790 0.078
MAILMRGE 24.360 2.503 0.015
PROOFING 11.172 1.592 0.117
MISC2 19.686 2.563 0.013
N 77
R2 0.933
Adjusted R2 0.915
S.E. of regression 31.300
F-statistic 52.442
Table B.4: Alternative Hedonic Model using Year Dummies
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Table B.5 1987-89 Base Hedonic Model
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Variable Coefficients T-Stat 2-Tail Sig.
C 187.678 10.208 0.000
TIME -16.113 -2.515 0.019
OS2 -41.610 -1.418 0.170
MAC -39.737 -0.993 0.331
LOTUS -41.610 -0.898 0.379
MS -90.057 -5.946 0.000
WI -43.765 -2.496 0.020
WP -69.477 -3.993 0.001
BKPNT 244.765 19.000 0.000
WYSIWYG -7.418 -0.199 0.844
CASESR 39.244 2.573 0.017
MAILMRGE 59.205 4.703 0.000
MISC1 3.467 0.324 0.749
N 36
R 2 0.968
Adjusted R2 0.951
S. E. of regression 25.356
F-statistics 58.102
Appendix B: More Hedonic Regression Results
Variable Coefficients T-Stat. 2-Tail sig.
C 261.884 5.414 3.13E-05
TIME -24.7846 -2.52993 0.017551
WIN -19.6839 -0.39222 0.697975
OS2 17.52074 0.32495 0.747723
MAC -81.2491 -1.62861 0.115009
LOTUS -20.9314 -0.92244 0.364471
MS -46.4057 -2.50368 0.018637
WI -28.5827 -1.46329 0.154933
WP -20.1465 -1.20295 0.23944
BKPNT 217.416 14.14032 5.32E-14
WYSIWYG 20.84024 0.42331 0.675422
CASESR 10.73004 0.325793 0.747093
MAILMRGE -4.28157 -0.32516 0.747563
MISC1 18.93796 2.70914 0.01157
N 41
R 2 0.948074
Adjusted R2 0.923073
S. E. of regression 28.27451
F-statistics 37.92107
Table B.6: 1990-91 Base Hedonic Model
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Appendix C
More Market Share Regression Results
Variable Coefficient T-Stat. 2-Tail Sig.
C -0.040 -0.089 0.930
OVPRICELAST4 6 -0.044 -2.115 0.041
OVPRICETHIS4 7 -0.004 -0.220 0.827
N 41
R2 0.145
Adjusted R2 0.100
S.E. of regression 2.869
F-statistic 3.234
Table C.1
Market Share Regression using two years' Overpricing data (Base,
Variable Coefficient T-Stat. 2-Tail Sig.
C 0.008 0.018 0.986
OVPRICELAST -0.047 -2.454 0.019
OVPRICETHIS 0.001 00073 0.942
N 41
R 2 0.167
Adjusted R2 0.123
S.E. of regression 2.832
F-statistic 3.813
Market Share Regression using
Table C.2
two years' Overpricing data (Alternative)
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46 The amount overpriced last year.
47 The amount overpriced this year.
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